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The purpose of the work is an experimental substantiation of biotechnological processes that ensure the maturation 
of honey during the processing of nectar by bees. During the whole period (7–9 days) of nectar treatment by bees 
there is a simultaneous partial dehydration of the liquid and biochemical transformations, among which the hy-
drolysis of sucrose and the accumulation of monosaccharides have the most significant effect on the quality of the 
mature product. In all series of experiments, the maturity of processed honey in the beehive at the water limit of 
less than 20 % occurs after 5–6 days of treatment by bees. The mature product in terms of water content remains 
open in almost completely filled cells for another 3–5 days, slightly reducing the water content from 19.78–
20.07 % up to 16.40–18.38 %. Dynamic changes in the ratio of monosaccharides and sucrose in the process of 
nectar processing by bees, starting from the honey stomach during gathering from flowers to sealing in honey-
comb cells have been detected. At the honey stomach-cell stage, a small amount of sucrose is hydrolyzed during 
the incomplete first day of processing and, as a rule, 0.48–4.11 % of monosaccharides calculated relative to the dry 
weight of the product are added. Sucrose inversion is more intense during the next 5–6 days, when a total of 
12.94–31.42 % of splitted sugars are added, depending on their initial number and strength of families. The main 
processes of conversion of nectar into honey by bees are characterized by the advance of the reduction of water 
content in comparison with the splitting of sucrose and the accumulation of monosaccharides. According to the 
water content (less than 20 %), honey becomes suitable for pumping 3–5 days before it is sealed in the cells. The 
influence of the mass of bees of different families on the intensity of sucrose inversion in the cells and the accumu-
lation of monosaccharides in the product has been experimentally proved. The maturity of honey in the ratio of 
sugars in the beehives of strong families is better than in weak ones. 
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With the development of the social way of life, the bee 
family in the direction of creating an increasing supply of 
energy feed has improved the biotechnology of honey and 
reached such a height of productivity and depth of secrecy 
that humanity is impossible to establish artificial production 
of such a unique product (Avetysian & Cherevko, 2001; 
Gӓtschenberger et al., 2013; Rabiee et al., 2015; Vishchur et 
al., 2016; 2019; Saranchuk et al., 2021). In the modern tech-
nology of obtaining honey, regardless of the level of indus-
trialization of beekeeping, there are noted distinctions: 1) a 
set of techniques for keeping families in good condition to 
ensure the effective work of bees to gather nectar; 2) 
measures to assist bees in carrying out of complex biochem-
ical transformations and physical changes in nectar; 3) pro-
cesses of regulated and optimized influence on family 
productivity by selecting a mature product from the beehive 
(Razanov et al., 2010; Bondarenko & Usachova, 2018; Wu 
et al., 2017; Arien et al., 2018; Kovalchuk et al., 2019). 
Pumping of honey in the whole chain takes such a place that 
greatly affects its quality on the one hand and the realization 
of the potential of the family – on the other (Hartfelder, 
2013; Kovalskyi et al., 2018). After all, every day of a rela-
tively short period of intensive nectar treatment by bees, 
especially during a great forage, affects the amount of water 
extracted from it, changes in the ratio of sugars under the 
influence of sucrose inversion, as well as other transfor-
mations. They are associated with indicators of quality char-
acteristics of marketable products (Adamchuk et al., 2015). 
The results of researches available in the scientific litera-
ture (Ahanyn, 1985; Polishchuk, 2001; Kurta, 2016) and 
indicators of honey quality in official documents (DSTU 
4497:2005, 2007) do not fully present the features of domes-
tic varieties. 
In order to comply with the requirements of the technol-
ogy of obtaining high quality competitive honey, sufficient-
ly mature in terms of residual water content, the amount of 
monosaccharides transferred from nectar and accumulated 
as a result of sucrose splitting during processing by bees, it 
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is important to know in what condition it is in the sealed 
cells of the honeycomb and what changes precede it. 
Finding out the dynamics of changes in the ratio of su-
crose and monosaccharides and water content in nectar 
throughout the period from absorption into the honey stom-
ach of the bee-collector to the sealing of honey in the cells, 
the duration of transformation into a mature product is im-
portant in optimizing technology and studying of its proper-
ties. Therefore, the study of gradual changes in chemical 
composition and partial dehydration and their duration in the 
process of nectar processing by bees is of great current in-
terest for scientific knowledge of the processes in the family 
and increase of honey production. 
The purpose of the work is an experimental 
substantiation of biotechnological processes that ensure the 
maturation of honey during the processing of nectar by bees. 
 
2. Materials and methods 
 
The experiments were conducted at the apiary of Bila 
Tserkva National Agrarian University in 2017–2018. The 
bee families of the Ukrainian steppe breed were used in the 
work. To expand our understanding of the role of the family 
in extracting excess water from nectar, invertion of sucrose, 
and the bee organism during the maturation of honey, we 
have conducted a comparative study of strong and weak 
families. They were selected on the principle of analogues 
of three in each of the two groups. The studies were per-
formed on honey gathering from white acacia by sampling 
nectar from honey stomach of bees caught when they en-
tered the hive, then on the same evening and every two days 
of maturation in honeycomb cells before sealing the honey 
on the 9th day with wax caps. Sampling of honey, analysis of 
physicochemical parameters was carried out according to 
DSTU 4497:2005 “Natural honey. Technical conditions” 
(DSTU 4497:2005, 2007). 
 
3. Results and discussion  
 
The initial water content of the gathered nectar in the 
bees’ honey stomachs, collected near the hive flight at 10–
11 o'clock, did not differ significantly between strong 
(38.95 %) and weak families (41.95 %) (Table 1). In the 
evening of the same day, samples of fresh nectar taken from 
honeycomb cells showed water of 25.60 and 26.40 %, re-
spectively. The difference in the amount of water withdrawn 
by bees during the partial day was 13.35 % in the control 
group and 15.55 % in the experimental group. During the 
following days, the dehydration process slowed down. Its 
intensity for the two-day period before sealing the cells with 
honey decreased up to 0.6–1.2 %. 
It is noteworthy that the product treated by bees in terms 
of water content reached almost full maturity in five days – 
dehydration exceeded 20 % both in strong and weak fami-
lies. Bees reduced the water content of honey up to 19.4 and 
19.8 %, respectively. However, such honey bees do not 
cover with wax caps, it remains in the cells in a state acces-
sible to them for another four days. 
 
Table 1 
Dynamics of dehydration and inversion of sucrose by bees of strong and weak families, n = 3 
 
Days of after-maturity 
(honey stomach – honeycomb) 
Content in the natural product, % ( X ± S X ) 
water sucrose monosaccharides 
Strong families (control group) 
Bee’s honey stomach 38.95 ± 0.283 23.57 ± 0.494 34.37 ± 0.513 
1-st 25.60 ± 0.368 28.16 ± 0.545 42.25 ± 0.613 
3-rd 21.30 ± 0.434 23.53 ± 1.077 51.96 ± 1.131 
5-th 19.40 ± 0.294 14.18 ± 0.356 63.21 ± 0.580 
7-th 17.00 ± 0.507   6.24 ± 0.372 73.21 ± 1.235 
9-th (sealed) 16.40 ± 0.216   4.95 ± 0.254 75.64 ± 0.810 
Weak families (experimental group) 
Bee’s honey stomach 41.95 ± 0.301 24.32 ± 0.315 30.53 ± 0.287 
1-st 26.40 ± 0.542 30.79 ± 0.586 38.74 ± 0.276 
3-rd 23.70 ± 0.450 27.32 ± 0.308 45.76 ± 0.312 
5-th 19.80 ± 0.348 22.65 ± 0.404 54.21 ± 0.383 
7-th 18.40 ± 0.439 15.64 ± 0.344 62.26 ± 0.880 
9-th (sealed) 17.20 ± 0.221 10.26 ± 0.493 68.78 ± 0.826 
 
During all this time, 2.6–3.0 % of water is removed from 
it, and in the last days before sealing 0.3–0.4 % per day. It 
should be noted that at the final stage of honey production 
by bees, differences in the intensity of partial dehydration 
between groups of families were not established. 
Thus, it has been experimentally proved that a honey-
comb filled with nectar in five days is qualitatively close to 
full maturity in terms of water content, but bees keep it 
unsealed until the ninth day both in strong and weak fami-
lies. Throughout the whole period, they actively process the 
manufactured product. 
Simultaneously with the study of the dynamics of dehy-
dration in the experimental families, samples were taken to 
determine the content of sucrose and monosaccharides. The 
processed experimental data are given in Table 1 next to 
water content indices. 
It was found that the relative amount of sucrose in fresh 
nectar does not change significantly. Only on the fifth day, 
this figure decreased from 23 to 14 %. However, this stabil-
ity is associated with the thickening of the product processed 
by bees, which is accompanied by two processes – the in-
version (splitting) of sucrose and the concentration of sug-
ars. During the first day, when the most water is removed 
from the nectar, these processes do not balance the outward-
ly noticeable stability and the relative amount of sucrose 
even exceeds the initial percentage. Thus, in strong families, 
the rate of sucrose nectar of bee’s honey stomach because of 
thickening by the end of the day in the honeycomb changed 
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from 23.57 to 28.16 %, and in weak one – 24.32 and 
30.79 % respectively (Fig. 1). 
A comparative analysis according to the sucrose and wa-
ter content of the product showed that on the 5th day of 
maturation in strong families the inversion process is ahead 
of the dehydration process, while in weak families it occurs 
only on the 7th day. Yet again, the fact calls attention that in 
the control group, reduction of disaccharide to the 7th day is 
more intense and it decreases sharply to the 9th day of matu-
ration. At the same time, in the experimental group of fami-
lies there is a uniform decrease in sucrose under the intense 
influence of bees. 
 
Fig. 1. Comparative evaluation of the process of nectar dehydration of in the honeycomb of strong and weak families, along 
with the inversion of sucrose: 
  dynamics of water content in the product from the honeycomb of strong families; 
  dynamics of water content in the product from the honeycomb of weak families; 
  dynamics of sucrose inversion in the product from the honeycomb of strong families; 
  dynamics of sucrose inversion in the product from the honeycomb of weak families. 
 
It was found that the process of sucrose inversion occurs 
faster in strong families than in weak ones and this differ-
ence is statistically significant with a probability of  
P > 0,999. 
Features of sucrose inversion in nectar are more fully re-
vealed according to studies of monosaccharides. Their num-
ber in the product processed by bees is characterized by 
constant growth from the time of its processing in a honey 
stomach to sealing in a honeycomb. However, the result of 
the accumulation of invert sugar in families of different 
strengths is markedly different. According to our data, fresh 
(in the sealed state) honey in strong families contains 
75.63 % of monosaccharides, in weak ones – 68.78 %. Dif-
ferences between the families of the two groups were also 
found in terms of the relative increase in glucose and fruc-
tose. In strong bee families, the inversion increased after the 
third day of nectar treatment (increase of 10–11.25 %), and 
in weak ones – it remained at the previous level, not exceed-
ing 8.45 %. As a result, in case of insufficient number of 
bees, the families sealed honey, which contained 10.28 % of 
sucrose, and in strong families this indicator decreased to 
4.95 % with a probability of P > 0.999. 
The splitting of sucrose nectar during the after matura-
tion of honey occurs under the influence of the enzyme 
inverses, which is the part of the secretion of the hypo phar-
yngeal glands of older worker-bees. Therefore, in an exper-
iment on strong and weak families, we selected worker-bees 
from each honeycomb to determine the inverting capacity of 
their glands. The obtained results of laboratory analysis are 
given in table. 2. 
 
Table 2 
Inverting ability of bee glands during honey gathering from white acacia, n = 3 
 
Group of families 
Glucose was formed under the influence of the enzyme for 100 bees, mg 
   X ± S X  lim Cv,% td 
Strong (control) 380.7 ± 6.21 361.5–415.8 7.99 - 
Weak (experimental)   96.1 ± 3.27   83.7–114.2 16.68 40.53 
 
Research data show that within 3 hours of inverses ac-
tion from 100 bees of the control group produces in average 
of 380.7 mg of glucose per 50% sucrose solution, i.e. almost 
4 times more than at bees from the families of the experi-
mental group. Thus, bees of strong and weak families 
showed different inverting ability of the pharyngeal glands. 
The difference between groups of families according to this 
indicator is highly probable (P > 0.999). 
We have compared the data of the sugar content in ma-
ture honey with the inverting ability of bees in the control 
and experimental groups. The results are shown in the form 
of a diagram in Fig. 2. 
The results of the experiment explain this by the fact that 
with a small number of bees, families are involved in gather-
ing and producing honey from younger age groups, in which 
the inversion function has not reached the maximum, which 
is typical for flying bees of older age. 
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Fig.2. Comparison of data of sugars content in mature honey and inverting ability of bees: 
– indicators of strong families;
– indicators of weak families.
Bees from strong families have a higher inverting ability, 
so the produced mature honey had 6.85 % more of mono-
saccharides and per 5.33 % less of sucrose than the sealed 
product in weak families. At the same time, 18.2 kg of aca-
cia honey was obtained from the families of the control 
group after pumping out the honeycombs, and 8.6 kg from 
the families of the experimental group. 
Comparative data of the dynamics of dehydration and 
inversion of sucrose in the process of nectar processing 
show that bee families of different strengths almost equally 
intensively reduce its water content, but inversely carry out 
the inversion of sucrose. Fresh honey pumped from strong 
families has a better maturity in terms of simple sugars than 
that one obtained from weak families. 
Thus, bee families, adapting to the procurement of honey 
in the evolution of the social way of life, have acquired the 
ability to regulate interfamilial loads by fluent changes of 
functions among working individuals. These phenomena 
have been previously detected in other foraging bees. 
4. Conclusions
In all series of experiments, the maturity of processed 
honey in the beehive at the water limit of less than 20 % 
occurs after 5–6 days of treatment by bees. The mature 
product in terms of water content remains open in almost 
completely filled cells for another 3–5 days, slightly reduc-
ing the water content from 19.78–20.07 % to 16.40–
18.38 %. The influence of the mass of bees of different 
families on the intensity of sucrose inversion in the cells and 
the accumulation of monosaccharides in the product has 
been experimentally proved. The maturity of honey in the 
ratio of sugars in the beehives of strong families is better 
than in weak ones. During the honey gathering from white 
acacia bees of strong families seal in the cells honey, which 
contains monosaccharides 75.63 %, in weak families – 
68.78%, and the ratio of sucrose and monosaccharides in 
their amount was in the dry mass, 0.06 : 0.94 and 0.13 : 0.87 
respectively. 
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